Abstract-Determining the number of cell in blood sample, especially with high degree of overlapping, are remaining an obstacle need to be overcome, however. This study presents a new method for splitting (extracting) clumped cells into single (individual) cells supporting useful information for classification and detection infected cells. The proposed method is mainly focused on rapidly detecting central point using the distance transform value. Additionally, a boundarycovering degree of each center point was applied to select the best potential center points. Single cell extraction is employed in order to estimate the average size of cell. Finally, an effective algorithm was designed split correctly and speedily. The robustness and effectiveness of our method have been assessed through the comparison with more than 400 images labeled manually by experts and exhibiting various clumped cell. As the result, the F-measure generally reaches 93.5% and more than 82% clumped cells can be tolerated in the condition of non-distorted shape and well-focused images. \ Index Terms-Clumped cells splitting, central point detection, cell size estimation, blood smears.
I. INTRODUCTION
Malaria, a mosquito-borne infectious disease caused by a eukaryotic protest of the genus Plasmo-dium, is still considered a serious infectious disease in global human health [1] . According to the World Malaria Report 2008 of World Health Organization, there were estimated 250 million cases among 3.3 billion people at risk, causing nearly a million deaths. Prompt and accurate parasitological confirmation of malaria diagnosis is very important aspect in curing malaria disease. Because of limited microscopy accuracy, inaccurate dilution, loss of antigen during preparation and storage, and the natural variation in the ratio of parasite density to antigen concentration [2] also emotional problems and fatigue degrade the expert's performance, it usually results in inaccuracy in diagnose malaria case. Therefore, an automated image analysis system would support to prevent these limitations associated with manual determination.
Blood is naturally precipitated in the ambient temperature and as blood sample is not treated well, it is very easy for red blood cells to form clumped clusters that usually result in inaccuracy in malaria diagnosis. Recently, there are several methods researching on clumped clusters splitting. These approaches and methods is all based on the Gonzalez's fundamental knowledge [19] . These methods are conducted efficiently with simple cells such as white blood cells, especially Dorini and Liao [20] - [23] . However, as using these methods for other cells like red blood cells, new attributes and parameters appear, making the cellseparating problem become more complex and cannot be solved easily.
In the literature, clump-splitting methods are available such as: morphology operation with Di Ruberto first user [6] [7] , and then developed by Fabio Scotti [24] and Rao Mohana [25] ; watershed techniques [3] - [8] and [26] - [27] ; concavity analysis with Yeo [9] , Wang [10] , Kumar [11] [12] and [28] [29] using boundary information; and model-based approaches Kyoung-Mi [13] , Glodia Diaz [14] [15] and Sinha [30] [31] .
These approaches still do remained some drawbacks which are need to be improved. For example, watershed technique is relatively time-consumed because of the partitions being over-split in cluster locations and contour parts being merged together. Also, the concavity analysis methods is too sensitive in using threshold to recognize regions or concavity pixels along border since at lower threshold, the object will be over-split and under-split at higher threshold. Likewise, model-based approach requires not only initialization of model parameters but also considerable computational expense in matching among the variable objects with templates.
In this paper, our main objective is to propose a method to split variation of cell overlap or the clumped clusters in blood images by employing a method to detect central point rapidly. This approaching method has some advantages: (1) it could reduce the disadvantage of concavity analysis methods and model-based approaches by using neither threshold nor templates; (2) with assumption of red blood cell is disk-shaped structure, this method is able to detect other distorted structures and independent on cell size; (3) the individual cell can be fully extracted for further steps such as classification and recognition infected cell.
The paper is organized as follows: section 2 gives the detail of process of proposed method. Section 3 describes the data set and experiments; and then presents the evaluation results. Section 4 presents the conclusion of this study.
II. PROPOSED METOD Splitting process is followed by four stages presented in 2)
3)
4)
A. 
Data set and
with ure, ure of well d at me ent and In addition, for evaluating the robustness of the proposed method with respect to the differences of overlapping degree, randomly images were taken for testing and then splitting ability was determined individually for each cell cluster and compared to the overlapping degree as follows More than 30 images with 269 clumped clusters including approximately 1000 red blood cells were investigated and the result is displayed in Figure 6 . The scatter plot shows very good splitting performance for various clumped objects, as ∅_overlap>0.65, potency to employ true splitting is considerably high. Among the number of above clusters, there are 48 false splitting clusters and the proportion of successful splitting is up to 82%. Most splitting errors were due to cells with irregularly shaped and cells with different illumination.
C. Overlapping degree assessment for evaluating robustness

IV. DISCUSIOLN AND CONCUSION
Our approach gained a high result in splitting cell images with lower complexity and time-performing as compared with other processing methods reported from recent papers. These results demonstrate that the proposed technique is able to perform well with variable degrees of overlapping, as observed in clumped regions of Figure 7 . Furthermore, the method is robust against hidden regions as long as they exist at least fifty percents of boundary information. Even better, distorted cells as well as their different size can be exactly split by this method. However, the main obstacle for high accuracy is the quality of image, i.e. image blur and non-focused. Because of the unequal distribution of brightness in the image surface, automatic global thresholding will be inappropriate in some cases. Figure 8 is an illustration of these cases. Adaptive thresholding process is not considered as well because it is inappropriate to use in large range histogram of back-ground intensity. Local thresholding is considerable a better solution for these exercises in which the threshold value is determined from each small areas obtained from dividing the original image into 5x5 areas. This way is more precisely accuracy, although it is still not an optimum solution and sometimes it might need more time on obtaining these values.
Besides that, other factors such as cluster size (i.e. large number of touching cells in the clusters which cannot detect fully their boundary information) and variation in cell shape could affect the segmentation accuracy as well. The 'fillhole' method as mentioned in the process is just a heuristic method with acceptable accuracy degree. For improving the accuracy, a size filter was applied. If the value of points inside of holes is twice as compared to the average of single cells, it is determined not a hole of that single cell and is removed. Otherwise, it is filled hole. See the left clusters in the Figure 8 . However, in particular cases of 3-cell or 4-cell clusters, the accuracy in hole determination is fell, as a result incorrect in splitting cells and appear some unexpected cells. See the right clusters in the Figure 8 . Nevertheless, the cell size estimation depends on individual cells in an image, their distribution and density must have great enough to do statistic the cell size. Due to single cells will be counted in blood image for estimating size, if the number of cells are too many or a few and/or amount of noise is considerable significant then the average single cell size will be affected. That will also impact on the next step -cell splitting.
Even though, many methods to detect the parasite in blood samples have been developed and implemented widely by many researchers such as Tek [32] - [35] , Glodiaz [36] , Halim [37] and [38] [39], they still meet obtacles in cell segmentation, especially to separate clumped cells with high overlapping degree. We do believe with the proposed method will improve the accuracy of infected cell detection.
By conducting many experiments on different sources of images, the proposed approach can successfully split the clumped cells even though the samples are high degree of overlapping. With ability of implementing in a low-level programming to speed up the performance, the method can be applied for routine evaluation of red blood samples in laboratory.
